INFRARENAL AORTIC CROSS-CLAMPING, required during surgical treatment of abdominal aortic aneurysm, is generally well tolerated. Occasionally, however, it is associated with severe hemodynamic disturbances. This communication compares the hemodynamic response to aortic cross-clamping during anesthesia and laparotomy in patients with and without severe coronary artery disease. The data indicate that myocardial ischemia is often produced in patients with severe coronary artery disease when the aorta is cross-clamped below the renal arteries, that this may be predicted by a rise in pulmonary capillary wedge pressure at the time of clamping, and that vasodilator therapy may prevent or ameliorate myocardial ischemia during aortic cross-clamping.
Materials and Methods
Fifteen male patients, ranging in age from 50 to 72 years, were studied. Five patients (group I) had no historical, physical, or laboratory evidence of heart disease. Ten patients (group II) had a history of severe ischemic heart disease, including previous myocardial infarction in seven, direct coronary artery surgery in three, angina pectoris in five, and congestive heart failure in eight. All had electrocardiographic evidence of myocardial ischemia.
All patients were premedicated with intramuscular morphine, 10 mg, and atropine, 0.5 mg. On arrival in the operating room, four ECG limb electrodes were attached, and appropriate cannulae were inserted for measurement of central venous pressure (CVP), radial artery pressure (AP), pulmonary artery pressure (PA), and pulmonary capillary strated myocardial ischemia during cross-clamping. None of the values measured prior to cross-clamping predicted with certainty the response to cross-clamping.
Sodium nitroprusside reversed the elevation of left ventricular filling pressure in all three patients, and in two patients, relieved evidence of myocardial ischemia concurrently. In the third patient, ventricular irritability was abolished by lidocaine and did not recur. We conclude that infrarenal aortic cross-clamping may cause myocardial ischemia in patients with severe coronary artery disease. This ischemia may be predicted by a rise in PCW at the time of crossclamping, and vasodilator therapy is indicated in such patients.
wedge pressure (PCW), an index of left atrial pressure.' Pressures were recorded continuously on a Hewlett-Packard multichannel recorder. Esophageal temperature was measured using a thermistor. In group I only, cardiac output was measured by dye dilution with injection of green dye into the superior vena cava or right atrium and detection in radial artery blood.
Anesthesia was induced in all patients with 4 to 6 mg/kg thiopental. Endotracheal intubation was facilitated by 1 to 1.5 mg/kg intravenous succinylcholine, and anesthesia maintained with a minimum of 30% oxygen in nitrous oxide plus small (3 mg) increments of intravenous morphine.2 Muscular relaxation was provided by d-tubocurare or pancuronium following endotracheal intubation. Arterial blood gases and serum potassium were measured with standard techniques and corrected to the patient's body temperature. PaO2 was above 100 mm Hg and serum potassium was maintained at normal levels throughout the procedure in all patients. Blood loss did not exceed 250 ml prior to aortic occlusion in any patient.
The study consisted of obtaining a standardized six-lead write-out of the ECG, all pressures, cardiac output (group I only), and arterial blood gases before and 1 to 3 min after aortic cross-clamping. In addition, evidence of myocardial ischemia, as estimated by ST-segment depression of the ECG and/or ventricular premature contractions, was continuously sought for on the oscilloscope tracing prior to and following aortic cross-clamping. If Systolic and mean arterial pressure increased following aortic occlusion. Central venous pressure, pulmonary artery pressure, and pulmonary capillary wedge pressure decreased and heart rate was unchanged. Since cardiac and stroke indices decreased 14.0 ± 7.4 % and 19.0 ± 9.7 %, respectively, calculated systemic vascular resistance increased 33.3 ± 18.0 % and arterial compliance decreased 25.4 + 7.0%. One patient had a single PVC when the aorta was cross-clamped. No ECG evidence of myocardial ischemia was apparent at any time in any patient. A typical response to aortic cross- clamping in a patient without coronary artery disease is shown in figure 1.
Group II (table 2) Radial artery pressure increased to the same degree following cross-clamping of the aorta in patients of group II as it had in patients of group I. In contrast to group I, however, central venous pressure, pulmonary artery pressure, and pulmonary capillary wedge pressure increased. The differences in response of all three values between the groups were significant ( fig. 2) .
Three of the ten patients with a history of severe coronary artery disease demonstrated signs consistent with myocardial ischemia during aortic cross-clamping: multiple unifocal premature ventricular contractions (PVC) in one patient, multifocal PVCs in one, and ST-segment depression in two. There was overlap in all variables between the seven patients with CAD who did not manifest evidence of ischemia and the three patients who did. Therefore, it is not possible to predict prior to cross-clamping those patients who will tolerate that intervention poorly. The three patients who developed ischemia, however, were those who demonstrated the greatest increases in PCW one to three minutes after the aorta was cross-clamped, and they are designated by asterisks in figure 2 . Figure 3 shows the hemodynamic response of one patient with coronary artery disease. Within ten seconds after aortic cross-clamping, both CVP and PCW increased without change in ECG. At 
